Abstract A novel method has been established to realize the experiment of electron scattering off short-lived nuclei. The method was based on the well known "ion trapping" phenomenon in electron storage rings. In the R&D experiments at Kyoto University, stable nucleus, 133 Cs, was employed as the target nucleus. The luminosity of scattering experiment was nearly 1026 cm
Introduction
Electron scattering is one of the best tools to measure the size and shape of the charge distribution of atomic nuclei. In the middle of last century, HOFS-TADTER group had succeeded in precisely determining the charge density distribution of most stable nuclei by measuring elastic electron scattering, which had greatly contributed to the establishment of the current nuclear model [1] . With the development of accelerator, some nuclei near the drip line were found to have peculiar structures in 1980s [2, 3] . The charge distributions of these nuclei have never been studied by electron scattering due to short lifetime and low production rates. The charge distribution of these short-lived nuclei can improve our understanding of the structure of shortlived nuclei.
A novel internal target method [4, 5] , named as SCRIT (Self-Confining Radioactive Isotope ion Target), was developed to realize the experiment of electron scattering off short-lived nuclei. The method is based on the well known "ion trapping" phenomenon in electron storage rings [6∼8] . The residual gases in storage ring are ionized by circulating electron beam and are trapped by electron beam. With the understanding of this phenomenon, short-lived nucleus ions, which are injected from external ion source, can be trapped by electron beam itself to form a "target" in the electron storage ring and scattered with circulating electron beam at the same time. The information about the structure of short-lived nuclei can be obtained from the measurement of those scattered electrons.
SCRIT device and detector system
A prototype of SCRIT was installed in the KSR (Kaken Storage Ring) [9] at Kyoto University. The energy of electron beam was 120 MeV and the typical stored beam current was nearly 80 mA, with a lifetime of 100 s. In the R&D experiments, stable nucleus, 133 Cs, was used as the target nucleus.
The prototype of SCRIT and the whole detector system are shown in Fig. 1 . The SCRIT device consists of 40 longitudinally stacked, thin electrodes with 100 mm long terminals at both ends, which produces a longitudinal mirror potential with a 260 mm long trapping region in the center of the SCRIT device. Each electrode has a partial mesh structure to avoid disturbing the scattered electrons. The target nucleus ions, Cs 1+ , was inject into the SCRIT device from an external ion source. The detector system consists mainly of a drift chamber and three calorimeters. The trajectory of scattered electron can be reproduced by the drift chamber and the energy of scattered electrons was measured by three calorimeters. The three calorimeters located at the scattering angle of 30
• , 40
• and 60
• , respectively, and covered the scattering angle from 25
• to 60 • . A removable tungsten wire (W-wire) target of 50 micron in diameter was inserted for the energy calibration of three calorimeters by elastic scattering electrons. An online luminosity monitor [10] was employed to measure the luminosity of scattering experiment during the whole experiment. Fig.1 The sketch map of prototype of SCRIT and the detector system
Experimental results
In the end of 2007, the scattered electrons from target nucleus, 133 Cs, were measured for the first time. Approximately 7 × 10 6 Cs ions were trapped in the SCRIT device at beam current 80 mA and the luminosity was determined to be 2.4(8)×10
25 cm −2 s −1 [11] . In the middle of 2008, the trapping region of SCRIT device was extended from 200 mm to 260 mm and scraper detectors were used to monitor the beam position of injected Cs ions. The angular distribution of the elastic scattering cross section was measured, which was well fitted by theoretical calculation, as shown in Fig. 2 and the luminosity was increased to 1.02(0.06)×10
26 cm −2 s −1 at a beam current of 75 mA [12] . In the R&D experiment, we also found that the luminosity increased with electron beam current, as shown in Fig. 3 . It suggested that a higher luminosity can be achieved with a larger beam current. Owing to the performance of KSR storage ring, electron beam is not stable at the high beam current, which causes fluctuations of luminosity at beam current around 70 mA, as shown in Fig. 3 . Nowadays, a new electron storage ring is under construction at RIKEN for the next step of the R&D experiment. In the new electron storage ring, the energy of electron beam can reach 700 MeV and the beam current is nearly 300 mA 
Conclusion
To realize electron scattering off short-lived radioactive nuclei, a novel method named "SCIRT" was proposed. In the R&D experiment, the luminosity of scattering experiment was nearly 10 26 cm −2 s −1 and the number of trapped Cs ions in the electron beam was about 10 6 at beam current around 75 mA. It also indicated that higher luminosity can be reached with a larger electron beam current. With all above results, it has been confirmed that the SCRIT method can be used to realize electron scattering off short-lived nuclei.
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